IMPORTANCE Fluoroquinolones have been associated with collagen degradation, raising safety concerns related to more serious collagen disorders with use of these antibiotics, including aortic aneurysm and dissection. OBJECTIVE To examine the relationship between fluoroquinolone therapy and the risk of developing aortic aneurysm and dissection.
A ortic dissection and aortic aneurysm are major lifethreatening diseases worldwide. 1, 2 Epidemiology studies show that mortality from aortic aneurysm and dissection has risen over the past decades in many developed countries including the United States, Britain, and Japan, with the rate of increase ranging from 1.2 to 24.8 fold. [3] [4] [5] [6] In fact, aortic aneurysm has become the 13th leading cause of death, claiming an estimated 15 000 deaths annually in the United States. 7 Aortic dissection is defined as separation of the layers within the aortic wall, while aortic aneurysm is defined as a localized or diffuse dilation of the aorta. 8, 9 Both aortic aneurysm and dissection are caused by weakness of the aortic wall due to congenital defect, hypertension, or chronic inflammation. [8] [9] [10] [11] Ruptured aortic aneurysm and dissection are associated with high morbidity and mortality rates. 10, 12, 13 Many patients even experience out-of-hospital cardiac arrest before the diagnosis of aortic aneurysm or dissection is made.
Congenital disorders with collagen defects such as Marfan syndrome or vascular Ehlers-Danlos syndrome are associated with the pathological change of cystic medial degeneration, predisposing patients to a risk of both aneurysmal dilation and dissection. [13] [14] [15] Recently, fluoroquinolones have been associated with a series of collagen-related disorders such as Achilles tendon rupture, tendinopathy at multiple muscle groups, and retinal detachment. [16] [17] [18] [19] [20] [21] [22] [23] A recent database study of 6.4 million patients found that use of fluoroquinolones was associated with a 4-fold increased risk of Achilles tendinopathy, and a 2-fold increased risk of tendon rupture. 19 Not only is tendon composed of collagen, collagen is also a major extracellular matrix component of the aortic wall. As fluoroquinolones may induce degradation of collagen causing tendinopathy, this raises the concern that fluoroquinolones may cause or aggravate aortic aneurysm and dissection by a similar mechanism. To our knowledge, this hypothesis has not been examined in any human studies. The purpose of the present study was to investigate the association between oral fluoroquinolone therapy and the development of aortic aneurysm or dissection in a large, nationwide, longitudinally observed population.
Methods

Population
We performed a nested case-control study using the National Health Insurance Research Database (NHIRD) of Taiwan. The NHIRD contains records of approximately 1 million persons randomly selected from the 24 million beneficiaries of the National Health Insurance of Taiwan. The NHIRD contains complete outpatient and inpatient electronic claim records, individual diagnoses, procedures, and medications prescribed. Several studies have shown that this database is appropriate for use in pharmacoepidemiologic research. 24, 25 This study was approved by the institutional review board of the National Taiwan University Hospital, waiving patient written informed consent.
Study Cohort
Using the NHIRD, we assembled a study cohort that was longitudinally observed from January 1998 through December 2011. Since the NHIRD is a closed cohort, there is mortality during the follow-up period. We used the years 1998 and 1999 as the preenrollment period in which 18 074 prevalent users of fluoroquinolone and 236 prevalent cases of aortic aneurysm or dissection were removed from our cohort. A total of 238 982 patients younger than 18 years as of January 1, 2000, were also identified and not allowed to enter the cohort. Finally, 741 652 patients remained in our cohort. Patients were observed from January 1, 2000, until the diagnosis of aortic aneurysm or dissection, termination of health insurance coverage, death, or end of the study period, whichever came first. The mean duration of follow-up was 3613.3 days. The timeline of the study cohort is shown in the eFigure in the Supplement.
Identification of Outcomes
Primary outcome measures were the first occurrence of aortic aneurysm or dissection requiring hospitalization during the follow-up period. The following criteria were used to identify aortic aneurysm or dissection cases in inpatients: International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes of aortic aneurysm (441. 1, 441.2, 441.3, 441.4, 441.5, 441.6, 441.7 , and 441.9) and aortic dissection (441.0, 441.00, 441.01, 441.02, and 441.03) plus the use of advanced imaging studies such as thoracic or abdominal computed tomography, transesophageal or transthoracic echocardiography, magnetic resonance imaging, or angiography.
Current regulation in Taiwan does not allow the linkage between the NHIRD database and medical records, so we tested the accuracy of our outcome definition by performing an independent validation in a tertiary medical center. During the study period, we identified 218 hospitalized patients with a primary or secondary diagnosis of aortic aneurysm or aortic dissection, of which 182 patients underwent advanced imaging studies. After review of medical records, we verified that 167 of 182 patients had symptoms compatible with aggravation of aortic aneurysm or acute onset of aortic dissection. Thus, the combined diagnostic and procedure code definitions for aortic aneurysm or aortic dissection has a positive predictive rate of 92% (167/182).
In sensitivity analysis, we used a more specific outcome definition by combining these criteria with surgical procedures for aortic aneurysm or dissection, which include the Bentall procedure, aortic resection, and graft replacement involving thoracic or abdominal aorta.
The hospital admission date or the event date for patients with aortic aneurysm and dissection was assigned to be the index date.
Medication Exposure
Medication exposure was assessed as of the index date for aortic aneurysm and dissection cases. Use of fluoroquinolone was assumed whenever there was any order for a reimbursement code of oral fluoroquinolone with a prescription length of 3 days or longer. Fluoroquinolones are drugs that contain any of the following active compounds: ciprofloxacin, levofloxacin, ofloxacin, sparfloxacin, norfloxacin, lomefloxacin, moxifloxacin, gemifloxacin, enoxacin, or pefloxacin. Current use refers
Population Controls
We selected controls by using a risk set sampling scheme. One hundred controls were selected for each case, matched on 5-year age class, sex, and the index date of case diagnosis.
Covariates
Based on literature reports, 2, 13, 17, 21, 22 we identified 96 covariates (Table 1) in the following categories: demographics, cardiovascular comorbidities, risk factors for aortic aneurysm and dissection, intensity of health care facility utilization, and use of specific medications. The graphic timeline of our covariate collection can be found in the eFigure in the Supplement. Covariates for chronic comorbidities and risk factors were collected from the year 1998 to the year before the start of the fluoroquinolone exposure period (eFigure [aqua arrow line] in the Supplement). Utilization of health care facilities and the use of specific medications were assessed in the 1-year period before fluoroquinolone exposure (eFigure [red arrow line] in the Supplement). To capture the indication for fluoroquinolone prescription, we included a set of infectious diseases as covariates (eTable 1 in the Supplement) and collected this information along with the 1-year fluoroquinolone exposure period (eFigure [black arrow line] in the Supplement). We used a combined weighted comorbidity index to quantify each individual's burden of comorbidity. This score combines the Charlson index with the Elixhauser system to offer improvements in comorbidity summarization over the Charlson index alone. 26
Statistical Analysis
Under a time-matched case-control sampling scheme, the odds ratios estimate the rate ratios (RRs). Incidence RRs of aortic aneurysm or dissection (plus 95% CIs) were estimated by using conditional logistic regression analysis adjusted for all covariates. In addition to conventional multivariate analysis, we constructed a propensity score for adjustment and matching. Using the entire cohort, we derived the propensity score using a logistic regression model that included all potential predictors for fluoroquinolone therapy. Propensity score matching was conducted using a greedy matching algorithm without any trimming. To avoid unrealistic linear assumption of continuous variables in the regression model, such as age, comorbidity score, and propensity score, we entered these variables into the model with a main term plus a quadratic term to allow a nonlinear association between these variables and the outcome. To further assess the robustness of our results, we performed duration response analyses by testing the linear association between the ordinal categories of drug use duration and the risk of incident aortic aneurysm and dissection. We also performed subgroup analyses in high-risk patients. Predefined subgroups included male vs female sex and age 70 years or younger vs greater than 70 years. Statistical analysis was carried out using SAS software, version 9.3 (SAS Institute Inc).
Results
A total of 1477 cases of aortic aneurysm or dissection were identified, and 147 700 controls were selected. Characteristics of case patients and controls are listed in Table 1 . Slightly more case patients were diagnosed with aortic aneurysm than aortic dissection (850 vs 662), and 35 patients were diagnosed with both aortic aneurysm and dissection. In most instances, patients with aortic aneurysm or dissection were found to have a higher burden of cardiovascular diseases, higher Charlson index, and greater use of cardiovascular medication than controls.
Main Analyses
As summarized in Table 2 , all 3 types of fluoroquinolone users (current, past, or any prior-year use) had increased risk of aortic aneurysm or dissection. Current use of fluoroquinolone was associated with the highest risk of aortic aneurysm or dissection (RR, 2.93; 95% CI, 2.17-3.97) in our crude analysis. The increase in risk of aortic aneurysm or dissection remained after adjusting for individual confounders (RR, 2.28; 95% CI, 1.67-3.13), adjustment by propensity score (RR, 2.43; 95% CI, 1.83-3.22), and propensity score matching (RR, 1.75; 95% CI, 1.11-2.74). The crude (RR, 1.82; 95% CI, 1.44-2.29) and propensity score-matched effect estimates (RR, 1.19; 95% CI, 0.85-1.66) for past use of fluoroquinolone were all attenuated compared with current use. The crude (RR, 2.11; 95% CI, 1.75-2.55) and propensity score-matched effect estimates (RR, 1.37; 95% CI, 1.04-1.79) for any prior-year use of fluoroquinolone fell between those of current and past use.
Sensitivity Analyses
To verify the robustness of the primary results and examine the various effects of outcome definitions, we repeated the primary analyses on different outcome definitions: aortic aneurysms only, aortic dissection only, aortic aneurysms undergoing surgery only, aortic dissection undergoing surgery only, and aortic aneurysm or dissection undergoing surgery ( Table 3 ). In all the outcome definitions, a higher risk of aortic aneurysm or dissection was associated with use of fluoroquinolone. This was also true in the strictest definition for aortic aneurysm and dissection, where only those who had undergone aortic aneurysm-or dissection-related surgical procedures were included.
Subgroup Analysis and Duration-Response Analysis
To further assess the robustness of our results, we stratified the study population based on age and sex. We found that the risk increase of aortic aneurysm or dissection in any prioryear use of fluoroquinolone was more substantial in patients older than 70 years (RR, 1.72; 95% CI, 1.37-2.16) than in patients 70 years or younger (RR, 1.46; 95% CI, 0.98-2.18). The risk increase for aortic aneurysm or dissection was also more We also investigated the duration-response relationship between duration of fluoroquinolone therapy and risk of aor- tic aneurysm and dissection ( Table 4 ). It was found that as the duration of fluoroquinolone therapy increased from 3 to 14 days to greater than 14 days, there was an increasing risk of aortic aneurysm and dissection in both the crude incidence (2.60% vs 2.92%) and the propensity score-adjusted effect estimate (RR, 1.60; 95% CI, 1.10-2.52 vs RR, 1.81; 95% CI, 0.91-3.17).
Discussion
In this population-based study of Taiwanese adults, current use of fluoroquinolone was associated with more than a 2-fold increased risk of aortic aneurysm or dissection. Past use and any prior-year use were similarly associated with an increased, although attenuated, risk for these severe adverse events. Longer duration of fluoroquinolone therapy was also associated with higher incidence of aortic aneurysm or dissection. The risk increase of aortic aneurysm or dissection was more substantial in patients older than 70 years and in female patients.
As the use of fluoroquinolones increases, the occurrence of uncommon fluoroquinolone-associated complications, including seizure, tendon rupture, torsades de pointes, hepatotoxic effects, and dysglycemia, is gradually increasing. 27,28 Recently, a population-based study enrolling 989 591 patients in Canada suggested that treatment with oral fluoroquinolones was associated with increased risk of retinal detachment. 29 This significant association between fluoroquinolones and retinal detachment was also demonstrated in a study conducted in Taiwan. 21 Another connective-tissue disease-tendinopathywas found to be associated with the use of fluoroquinolones in 2 studies conducted in the United Kingdom: a populationbased case-control study using the General Practice Research Database 30 and a case-crossover study using the Health Improvement Network database. 19 We note that aortic aneurysm and dissection share pathophysiologic characteristics with retinal detachment and tendinopathy. 19, 21, 23, [29] [30] [31] As for the risk period, a recent review reported fluoroquinolone-associated tendon rupture occurring after fluoroquinolone use of between 2 and 31 days (median, 7 days). 32 Etminan et al 29 showed that current users experience the highest risk of a retinal detachment within 5 days of beginning fluoroquinolone use. In the study by van der Linden et al, 31 current use of fluoroquinolone was associated with a 7.1-fold increased risk of developing Achilles tendon rupture compared with nonuse. Our results demonstrating a higher risk of aortic aneurysm and dissection within 60 days of fluoroquinolone therapy are in concordance with these findings.
While the exact mechanism of how use of fluoroquinolone can cause aortic aneurysm and dissection is unknown, there are several possibilities. The strength of the aortic wall relies on the structural integrity of the extracellular matrix proteins, which are regulated by proteolytic enzymes such as matrix metalloproteinases (MMPs). [33] [34] [35] It has been demonstrated that MMPs play an important role in the pathogenesis of aortic aneurysm and dissection. Dysregulation of MMP production and activity leads to extracellular matrix degradation and medial layer degeneration. 33,36-38 Examination of smooth muscle cells from abdominal aortic aneurysm shows an upregulated expression of MMP-9 and MMP-2. 39 Fluoroquinolone has been shown to affect the synthesis of collagen in the tendon cell 40 and disorganization of the extracellular matrix in the cornea. 41 Animal studies have shown that ciprofloxacin may induce the expression of MMP-9 and MMP-2 in cornea tissue 42 and MMP-2 in tendon tissue. 40 Both MMP-2 and MMP-9 are gelatinases that have collagenolytic activity. 43, 44 Collagen and elastin are the primary extracellular matrix components of the aortic wall, and these elements make up approximately 50% of the dry weight of normal arteries. 45 Therefore, it is possible that fluoroquinolones destroy the collagen and connective tissue along the aortic wall causing aortic aneurysm and dissection as they do on tendon and cornea. In Taiwan, fluoroquinolone prescriptions for adults almost doubled between 2000 and 2011, from 2.1% to 3.8% (eTable 3 in the Supplement). With the rapid increase in the fluoroquinolone use, it is likely that fluoroquinolone therapy may constitute a substantial contributor to the burden of aortic aneurysm or dissection. If we assume that the adverse effects observed in the present study were caused by fluoroquinolone use, approximately 2.8% to 5.2% of incident aortic aneurysm or dissection cases may be attributable to this risk factor (eEquations in the Supplement). Given the global burden of aortic aneurysm and dissection and the growing use of fluoroquinolones worldwide, well-designed studies in other populations, especially high-risk populations, should be conducted to validate our findings. Animal studies aimed to clarify the pathophysiological mechanism of this association would also be valuable.
Results of our study should be interpreted in light of both its strengths and limitations. To overcome the confounding bias, we constructed a propensity score from the source population to balance the difference in baseline characteristics between users and nonusers of fluoroquinolone. Despite the efforts, residual confounding from poorly measured or unmeasured covariates cannot be totally excluded. We lacked data on lifestyle factors, including smoking, alcohol drinking, and body mass index. We adjusted these factors by including related diseases such as chronic obstructive pulmonary disease, peptic ulcer disease, coronary artery disease, malnutrition, alcohol-related disorders, and diabetes mellitus.
Another limitation is the small number of aortic aneurysm and dissection events associated with the use of fluoroquinolone. The small number of events prevents us from carrying out propensity-score matching in subgroup analyses. A propensity score-matched model looks at a subpopulation with the closest attributes, while the propensity score-adjusted model looks at the entire study population. Thus, this might cause appreciable difference in the propensity scoreadjusted and propensity score-matched result. We decided to focus our discussion on the propensity score-adjusted result because the result is based on a population effect.
The possibility of protopathic bias, interpreted as symptoms preceding the diagnosis of aortic aneurysm and dissection leading to prescription of fluoroquinolones, cannot be totally ruled out. Some cases of aortic dissection can be presented initially as pericarditis, and certain fluoroquinolones may be used to treat pericarditis if it is believed to be of bacterial origin. Another scenario is that infective aneurysm may be an indication for fluoroquinolone prescription preceding the hospitalization for aortic aneurysm or dissection. However, we found that both infective aneurysm and pericarditis were rare in our sample, accounting for only 2.6% and 0.4% of cases, respectively. In addition, fever is a rare manifestation of aortic aneurysm and dissection, and it would be hard to explain why the association takes more than 60 days to manifest. On further analysis, we found that the main indications for fluoroquinolone prescription in our case patients were lower respiratory tract infections, urinary tract infections, and soft-tissue infections instead.
Another limitation of our study was that we defined aortic aneurysm and dissection disease on the basis of ICD-9-CM codes with compatible orders of imaging examinations. We cannot rule out the possibility that aortic aneurysms may be newly diagnosed on imaging tests such as computed tomographic scans, which are sometimes ordered during acute infections requiring antibiotic use. Thus, there might be detection bias in certain patients with aortic aneurysm. By using a more rigorously defined outcome, aortic aneurysm or dissection requiring operation, we found results similar to those of the main analyses. Therefore, we believe that detection bias, if any, cannot fully explain the association we observed in this study.
Conclusions
We found that use of fluoroquinolones was associated with an approximately 2-fold increase in risk of aortic aneurysm and dissection within 60 days of exposure. Although our results cannot establish cause and effect, it is not likely that more detailed information on a larger population at relatively high risk of aortic aneurysm or dissection will become available in the immediate future. The ambiguity of the present data and the lack of direct supporting literature mean that clinicians should continue to be vigilant for the appearance of aortic aneurysm and dissection in high-risk patients treated with fluoroquinolones. 
